One-stage versus two-stage lymph node dissection after investigation of sentinel lymph node in cutaneous melanoma: a comparison of complications, costs, hospitalization times, and operation times Abstract The aim of the study was to evaluate whether complication rate, costs, operation times, and hospitalization times differed in two different patient groups: in group 1, frozen section analysis of the sentinel lymph node and lymph node dissection were carried out in the same operation. In group 2, normal investigation of the sentinel lymph node and lymph node dissection were done in a second operation. One hundred thirty-five patients with cutaneous melanoma were included. Hospitalization times, costs, complication rates, and operation times of two-stage and one-stage lymph node dissection of the draining area after detection of metastases in the sentinel lymph node were retrospectively compared. Lymph node metastasis in the sentinel lymph node was found in 23 patients. In 11 patients, removal of the sentinel lymph node and dissection of the lymph node basin was performed in the same operation. In 12 patients, a two-stage procedure was the treatment of choice. Operation times were not different in the two groups (p=0.87) while two-stage operation patients were hospitalized significantly longer (14.2 ± 9.7 vs 23.9 ± 24 days; p=0.01) and costs were significantly higher (7,836.90 ± 2,397.95 Swiss francs vs 5,279.40 ± 1,994.90 Swiss francs). In addition, more complications were found in the two-stage group.
Introduction
Sentinel lymph node (SLN) removal and investigation is a suitable method to detect nonclinically suspicious lymph node metastases in patients with cutaneous malignant melanoma [1, 2] . Frozen section analysis of the sentinel lymph node, combined with removing the sentinel lymph node and dissection of the lymph node basin in the same operation is not as yet an accepted option [3, 4] .
Material loss and low sensitivity are arguments against frozen section analysis of the sentinel lymph node [5] .
In this study we evaluated whether performing frozen section analysis and dissection of the lymph node in the same intervention is associated with a change in duration of hospitalization, costs, operation time, and incidence of complications compared with the normal management as a two-stage procedure.
Patients and methods
Between 1 June 1996 and 1 June 2001, 135 patients with clinically nonmetastasized cutaneous melanoma (AJCC stage I or II) underwent a sentinel node procedure. In 125 patients the sentinel lymph node was examined by frozen section. In addition a wide local excision (2 cm) of the primary tumor was performed.
Frozen section analysis of the SLN and dissection of the corresponding lymph node basin as a-one step procedure was carried out in 13 patients (group 1). In another 13 patients, dissection of the corresponding lymph node basin was done in a second operation (group 2).
All charts of these patients with metastatic involvement of the sentinel lymph node were retrospectively reviewed, and the hospitalization times, costs, operation times, and postoperative complications of a one-stage and two-stage lymph node dissection were compared. In the two-stage dissection, operation times of the first and second operation were added, and the waiting time for the frozen section result was subtracted.
Definition of complications

Infection
Presentation of an erythema or purulent secretion requiring antibiotic or operative treatment.
Seroma
Seroma was present if aspiration or operative intervention was required or if removal of the intraoperatively inserted drain was delayed (more than 8 days after operation).
Wound problems
Wound problems included wound dehiscence or necrosis which had to be treated by bedside or operative debridement.
Hemorrhage
Hemorrhage was present if a subcutaneous accumulation of blood required operative intervention.
Results
Patient and tumor characteristics are shown in Table 1 .
Metastatic involvement of the sentinel lymph node was discovered by frozen section analysis in 13 patients. In these patients, dissection of the corresponding lymph node basin was performed during the same intervention. In one patient, frozen section was positive, but the final analysis could not confirm the diagnosis.
In another nine patients, frozen section was negative and metastases were found after immunohistological investigation. The sensitivity of frozen section investigation was thus 59%, the specificity 99% (pos. pred. value: 92.8%; neg. pred. value: 93.1%).
Four of the ten patients in whom the sentinel lymph node was not analyzed by frozen section, showed metastatic involvement of the SLN, and a dissection of the lymph node basin was performed at a second intervention.
Group 1 (13 patients) was compared with the pathological investigation of the SLN and dissection of the corresponding lymph node basin in the same operation with group 2 (13 patients), where the operation was done as a two-stage procedure (nine frozen section false negative results and four primary planned two-stage operations). Hospitalization time of the group 1 was 23.9 ± 24 days versus 14.2 ± 9.7 days (p=0.013) of group 2 (Tables 2 and 3 ).
In group 2 the complications occurred more frequently than in group 1 (one-stage operation). In group 1, there were two wound complications (two hematomas) while in the second group five complications had to be treated. Nevertheless, the difference between the groups was not significant (p=0.14) ( Table 4) .
Comparing the groups with and without complications, no significant difference could be found due to gender, age, and operation duration of the patients. (Table 6) .
Discussion
Frozen section analysis necessitates dissection of the sentinel lymph node and removal of the lymph node basin during the same intervention. Besides the sensitivity and specificity, the duration of operation, costs, duration of hospitalization, and incidence of complications are important factors in evaluating the advantages of this procedure. Systemic complications were rare in both groups and mainly due to a perioperative gastritis and a suspected cardiac event. However, the incidence of minor complications was different in the two groups. While 15% (2/13) of the patients in group 1 suffered from wound complications, 38% (5/15) of the patients in group 2 showed local complications. In group 1, two hematomas needed an operative evacuation. Wound infections did not occur in this group.
In group 2, wound infections occurred in two cases. In addition we had two seromas and one skin necrosis.
Reviewing the literature, we find that a wide variation of complication rates are described. Our overall local complication rate was 25%. The rate of wound infection, hemorrhage, and seroma was 7% in each; the rate of wound dehiscence/necrosis was 4%. While in the literature the rate of wound dehiscence/necrosis (3-26%), wound infection (9-29%), and hemorrhage (0-8%) do not differ significantly from our rates, seromas occurred much less frequently in our series. This might be due to the different use of the definition of ''local complication.'' In our series of a few patients the drain was not removed before day 8 and as our definition of seroma was if removal of the drain was after this period these patients were considered to be free of complications. On the other hand our number of patients was lower compared with other studies [6] [7] [8] [9] [10] .
In our study, hospitalization time of the group 1 (one-stage operation patients) was significantly shorter (p=0.013) than in group 2 (14.2 ± 9.7 days vs 23.9 ± 24 days). An explanation therefore could be found in the higher incidence of local complications in patients of group 2. One patient with a fistula stayed in the hospital 44 days; another patient who presented with necrosis of the wound edges stayed in for 35 days.
We found no significant difference in operation time between the one-stage operation group 1 and the twostage operation group 2 (p=0.87). Operation time of the first group was 172.7 ± 99 min on average, compared to 166.4 ± 82 min in the second group. The time of waiting for the result of frozen section analysis could be used to perform the excision of the biopsied primary tumor or the excision of a second sentinel lymph node if lymphoscintigraphy showed a second corresponding lymph basin. This is one reason that, even when performing a frozen section analysis of the sentinel lymph node, the operation time was not significantly longer in the one-stage operation group.
Costs per patient were significantly lower in the group 1 (one-stage operation patients) than in the group 2 (5,279.40 ± 1,994.90 Swiss francs vs 7,836.90 ± 2,397.95 Swiss francs; p=0.0132). The additional costs (2,557.50 Swiss francs per patient) resulted from the additional histological analysis (frozen section) and longer hospitalization time. Further, the fact that the first few days of hospitalization and the first few minutes of an operation are the most expensive at our hospital contributed to other minor expenses in the two-stage operation patients.
Conclusion
The sensitivity of frozen section investigation was 59% in our study. Nevertheless, we suggest that frozen section analysis of the sentinel lymph node is performed, because when performed with dissection of the lymph node basin in the same intervention it lowers the costs and complication rate, and leads to a significantly shorter hospitalization time. On the other hand, the operation time was not significantly different between the two groups. 
